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(54) OPTICAL COMPENSATION SHEET, ITS PRODUCTION AND LIQUID CRYSTAL DISPLAY 
DEVICE USING THE SAME 

(57)Abstract: 

PURPOSE: To improve the visual angle characteristics, 
i.e. color development and reversal development of a TN 
type liquid crystal display element by using an optical 
compensation sheet having a layer formed of low 
molecular discotic liquid crystals on a transparent 
substrate. 

CONSTITUTION: This optical compensation sheet has 
the layer formed of at least one kind of the discotic 
liquid crystals on the transparent substrate. Such optical 
compensation sheet is used as optically anisotropic 
elements RF1, RF2 of the liquid crystal display device. 
Natural light L0 is polarized to linearly polarized light L1 
by the polarizing plate A and is modulated to elliptically 
polarized light L3 by a phase delay effect at the time of 
passing the optically anisotropic element RF1 when the 
natural light is diagonally made incident on a liquid 
crystal cell of the liquid crystal display device. Next, the 
light is modulated to elliptically polarized light L4 of an 
opposite phase when the light passes the liquid crystal 

cell TNC. Further, the light is polarized to linearly polarized light L5 by the phase delay effect 
when the light transmits the optically anisotropic element RF2. The same transmittance is 
eventually obtd. one incidence of the natural light L0 from all directions by a series of such 
effects. The liquid crystal display element which is no dependency on visual angles and is 
capable of making high-grade display is thus obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] It is the optical compensation sheet which has the layer formed on the transparent substrate from at least one 
kind of low-molecular discotheque liquid crystal. This transparent substrate is optically isotropic in a field, the 
principal indices of refraction within the field of a transparent substrate nx, They are the following conditions when 
thickness of nz and a transparent substrate is set to d for the principal indices of refraction of ny and the thickness 
direction. : 20 <={(nx+ny )/2-nz} xd<=150 Optical compensation sheet characterized by satisfying (nm). 
[Claim 2] The optical compensation sheet according to claim 1 which has the layer which installed the orientation film 
on the transparent substrate and was formed on it from at least one kind of low-molecular discotheque liquid crystal. 
[Claim 3] The optical compensation sheet according to claim 1 with which the optical axis of the layer formed from 
low-molecular discotheque liquid crystal leans [ of the sheet ] at the angle of 5 - 50 degrees from the normal. 
[Claim 4] The optical compensation sheet according to claim 2 whose orientation film is an organic orientation film 
which carried out rubbing processing. 

[Claim 5] The optical compensation sheet according to claim 4 with which an organic orientation film consists of the 
polyvinyl alcohol embellished with the alkyl chain. 

[Claim 6] The optical compensation sheet according to claim 2 whose orientation film is a method vacuum 
evaporationo film of slanting [ inorganic ]. 

[Claim 7] The liquid crystal display characterized by being the optical compensation sheet with which this optical 
different direction element was indicated by either of the claims 1-6 in the liquid crystal display which consists of an 
optical different direction element arranged between the liquid crystal cell which comes to pinch a twist pneumatic 
liquid crystal between two electrode substrates, the polarizing element of two sheets arranged at the both sides, and this 
liquid crystal cell and this polarizing element. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates especially to TN (torsion pneumatic) type liquid crystal display (TN- 
LCD) about an optical compensation sheet and the liquid crystal display which used it at a useful optical compensation 
sheet. 
[0002] 

[Description of the Prior Art] The display of OA equipment, such as a Japanese word processor and a desktop personal 
computer, is being changed into a liquid crystal display element (henceforth, LCD) with the big advantage of thin 
shape lightweight and a low power from mainstream CRT. Many of LCD which has spread now uses the torsion 
pneumatic liquid crystal. It can divide roughly into two methods, birefringence mode and rotatory-polarization mode, 
as means of displaying using such liquid crystal. 

[0003] Since 90 degrees or more of angle of torsion of liquid crystal molecular arrangement are a certain thing and the 
display device (STN type LCD) using birefringence mode has a steep electro-optics property, even if it does not have 
an active element (TFT and diode), a mass display is obtained by time-sharing drive with the electrode structure of the 
shape of a simple matrix. However, by the time a gradation display has the fault of being difficult and a speed of 
response exceeds the display performance of the liquid crystal display element (TFT-LCD and MIM-LCD) using the 
active element late (hundreds mses), when vomiting, there is nothing. 

[0004] The means of displaying (TN type LCD) in the rotatory-polarization mode which was able to twist 90 degrees 
of array states of a liquid crystal molecule is used for TFT-LCD or MIM-LCD. Even if a speed of response compares 
this means of displaying with LCD of other methods from monochrome display being obtained easily quickly (dozens 
mses), and high display contrast being shown, it is most leading method. However, since the torsion pneumatic liquid 
crystal is used, by the time there is a trouble on the viewing-angle property that a foreground color and display contrast 
change and it exceeds the display performance of CRT on the principle of means of displaying by the direction to see, 
it will not result. 

[0005] The method of expanding an angle of visibility is proposed by arranging a phase contrast film between the 
polarizing plate of a couple, and a TN liquid crystal cell so that JP,4-229828,A, JP,4-258923,A, etc. may see. The 
phase contrast film proposed in the above-mentioned patent official report will compensate the phase contrast which 
phase contrast discovers when the phase contrast of a perpendicular direction is the thing of zero mostly to a liquid 
crystal cell and it observes from the leaning direction on which it is made to exert an optical operation in any way from 
the front, and is discovered by the liquid crystal cell. However, the phenomenon (reversal) which coloring (coloring 
phenomenon) and black and white of the angle of visibility of LCD and the display image when specifically leaning to 
the direction of a stigmatism angle or a longitudinal direction from a screen normal reverse also by these methods is 
remarkable, and when it thinks as an alternative of the object for mount, or CRT especially, the present condition is 
being unable to respond at all. 

[0006] Moreover, although the angle of visibility is improved in JP,4-366808,A and JP,4-366809,A, using the liquid 
crystal cell containing the chiral nematic liquid crystal to which the optical axis inclined as a phase contrast film, it 
becomes a two-layer liquid crystal method, and cost is high and very heavy. Although the method of furthermore using 
the phase contrast film with which the macromolecule chain, the optical axis, or the optical elastic axis inclines to a 
liquid crystal cell in JP,4-1 13301,A, JP,5-80323,A, and JP,5-157913,A was proposed, there was a trouble [ film / phase 
contrast / of a large area ] that it was difficult to get in a low cost, such as slicing an optically uniaxial polycarbonate 
aslant and using it. Moreover, although reference is made about the angle-of-visibility improvement about STN-LCD, 
the concrete effect is not shown at all about the angle-of-visibility improvement of TN-LCD. Moreover, although the 
proposal which carries out optical compensation of LCD to the base by which orientation processing of the couple was 
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carried out in JP,5-215921,A by the birefringent plate of the form which pinched the cylindrical compound in which 
mesomorphism is shown at the time of hardening is shown, with this proposal, it does not change at all with the so- 
called double cell type compensating plate proposed from the former, becomes a serious cost rise, and is not fit for 
mass production method as a matter of fact. Furthermore about the omnidirection angle-of- visibility improvement of 
TN type LCD, the effect is not shown. Moreover, by this method, although the proposal used as the optical 
compensating plate for LCD by applying a polymer liquid crystal to JP,3-9326,A and the film-like base in which the 
orientation film was installed in JP,3-291601,A is indicated, since it is impossible to carry out orientation of the 
molecule aslant, an omnidirection angle-of- visibility improvement of TN type LCD cannot be desired too. 
[0007] Furthermore, the method of improving a viewing-angle property is indicated by by a refractive-index property's 
showing optically uniaxial [ negative ] in EP 0576304A1, and using the phase contrast board with which the optical 
axis inclines. Although surely the angle of visibility has improved sharply by this method as compared with the 
conventional thing, the angle-of-visibility improvement to the extent that a CRT alternative is still considered was 
impossible. 
[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the optical compensation sheet 
which can improve the viewing-angle property of TN type LCD, i.e., a coloring phenomenon, and reversal, and TN 
(torsion pneumatic) type liquid crystal display using it. 
[0009] 

[Means for Solving the Problem] this invention is an optical compensation sheet which has the layer formed on the 
transparent substrate from at least one kind of low-molecular discotheque liquid crystal. They are the following 
conditions, when this transparent substrate is optically isotropic in a field and sets [ the principal indices of refraction 
within the field of a transparent substrate ] thickness of nz and a transparent substrate to d for the principal indices of 
refraction of nx, ny, and the thickness direction. : 20 <={(nx+ny )/2-nz} xd<=150 (nm) 

It is in the optical compensation sheet characterized by carrying out ** satisfactory. The desirable mode of the above- 
mentioned manufacture method is as follows. 

1) An orientation film is installed on a transparent substrate and it has the layer formed on it from at least one kind of 
low-molecular discotheque liquid crystal. 

2) The optical axis of the layer formed from low-molecular discotheque liquid crystal leans at the angle of 5 - 50 
degrees from the sheet normal. 

3) The orientation film of the above 1 is an organic orientation film which carried out rubbing processing. 

4) The organic orientation film of the above 3 consists of the polyvinyl alcohol embellished with the alkyl chain. 

5) The orientation film of the above 1 is a method vacuum evaporationo film of slanting [ inorganic ]. Furthermore, 
this invention is shown also in the following liquid crystal display which used the above-mentioned optical 
compensation sheet. Namely, the liquid crystal display characterized by an optical different direction element being the 
optical compensation sheet of one of the above in the liquid crystal display which consists of an optical different 
direction element arranged between the liquid crystal cell which comes to pinch a twist pneumatic liquid crystal 
between two electrode substrates, the polarizing element of two sheets arranged at the both sides, and this liquid crystal 
cell and this polarizing element. 

[0010] Hereafter, taking the case of a TN liquid crystal display device, an operation of this invention is explained using 
a drawing. Drawing 1 and drawing 2 show the polarization state of the light which spreads the inside of the liquid 
crystal cell at the time of impressing sufficient voltage more than threshold voltage to a liquid crystal cell. In order that 
the permeability property of the light at the time of voltage impression may contribute greatly especially, it explains to 
the angle-of-visibility property of contrast taking the case of the time of voltage impression. Drawing J is drawing 
having shown the polarization state of light when light carries out incidence to a liquid crystal cell perpendicularly. 
When it is made perpendicular to the polarizing plate A in which the natural light L0 has the polarization shaft PA, the 
light which penetrated the polarizing plate PA turns into the linearly polarized light LI . 

[001 1] If one liquid crystal molecule shows roughly the array state of the liquid crystal molecule when fully impressing 
voltage to a TN liquid crystal cell in model, it will become like [ in / LC / a schematic diagram ]. Since the difference 
of the refractive index in plane of incidence (inside of a field perpendicular to the course of light) will not arise when 
the molecule major axis in [ LC ] a schematic diagram is parallel to the course of light if the liquid crystal molecule in 
a liquid crystal cell shows in model, even if it penetrates a liquid crystal cell, it spreads with the linearly polarized light. 
If the polarization shaft PB of a polarizing plate B is set as the polarization shaft PA and perpendicular of a polarizing 
plate A, the linearly polarized light L2 which penetrated the liquid crystal cell cannot penetrate a polarizing plate B, but 
will be in a dark state. 

[0012] Drawing 2 is drawing having shown the polarization state of light when light carries out incidence to a liquid 
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crystal cell aslant. When the natural light LO carries out incidence aslant, the polarization LI which penetrated the 
polarizing plate A turns into the linearly polarized light mostly. (When actual, it becomes elliptically polarized light 
with the property of a polarizing plate.) In the plane of incidence of a liquid crystal cell, the difference of a refractive 
index arises in this case with the refractive-index anisotropy of liquid crystal, elliptically polarized light becomes 
irregular and the light L2 which penetrates a liquid crystal cell is not completely intercepted with a polarizing plate B. 
Thus, it causes [ in the method incidence of slanting, intercepting / of the light in a dark state / becomes inadequate, 
and ] the sharp fall of contrast and is not desirable. 

[0013] this invention tends to prevent the fall of the contrast in such method incidence of slanting, and tends to 
improve an angle-of-visibility property. The example which uses two optical compensation sheets by this invention for 
drawing 3 is shown. The optical different direction element RF 1 with the optical axis which inclined from [ of liquid 
crystal cell TNC ] the normal between the polarizing plate A and the liquid crystal cell is arranged. The this optical 
different direction element RF 1 is a birefringence object with which a birefringence becomes large, so that the angle 
light carries out [ an angle ] incidence to an optical axis becomes large. Moreover, the optical different direction 
element RF 2 which is the birefringence object which has the same optical property as RF1 between a polarizing plate 
B and liquid crystal cell TNC is arranged. If the natural light LO carries out method incidence of slanting to a liquid 
crystal cell like the case of dra w ing 2 , a polarization state will change to the liquid crystal display used as the above 
composition as follows. First, when becoming the linearly polarized light LI and penetrating the optical different 
direction element RF 1 with a polarizing plate A, phase delayed action becomes irregular at elliptically polarized light 
L3. Next, if it passes along liquid crystal cell TNC, the elliptically polarized light L4 of an opposite phase will become 
irregular, and if the optical different direction element RF 2 is penetrated further, it will become the linearly polarized 
light L5 according to phase delayed action. The liquid crystal display element which the natural light LO can display 
[ which the same permeability comes to be obtained also in the incidence from all directions, and does not have a 
viewing-angle dependency / high-definition ] can be obtained by this the operation of a series of. 
[0014] By this invention, the angle of visibility of a liquid crystal display element is presumed as follows about it 
having improved sharply. Many of TN-LCD has adopted the normally white mode. In this mode, the permeability of 
the light from a black display increased remarkably, and has caused the rapid fall of contrast as a result as a viewing 
angle becomes large. Although a black display is in the state at the time of voltage impression, at this time, an optical 
axis can consider in approximation that TN liquid crystal cells are the positive optically uniaxial optically anisotropic 
body which inclined a little, and the positive optically uniaxial optically-anisotropic-body laminated material which 
differs in the inclination direction more faithfully although the degree of tilt angle is equal from a normal to the front 
face of a cell. Moreover, it is thought that those opticals axis incline from [ of a liquid crystal cell ] a normal further in 
the case of middle gradation. 

[0015] When the optical axis of a liquid crystal cell leans from [ to the front face of a liquid crystal cell ] the normal, it 
is expected in the optically anisotropic body which has an optical axis in the direction of a normal that the 
compensation is insufficient. Moreover, if a liquid crystal cell can regard it as the layered product of a positive 
optically uniaxial optically anisotropic body, in order to compensate it, it is desirable to use a negative optically 
uniaxial optically anisotropic body. Since it is such, an angle-of-visibility property is sharply improved by the negative 
optically uniaxial optically anisotropic body to which the optical axis inclined from the normal. However, 
approximation considers to the last that the optical anisotropy of a TN liquid crystal cell is optically uniaxial 
[ positive ], and compensating with the negative optically uniaxial optically anisotropic body toward which the optical 
axis inclined has a limitation naturally. As a result of inquiring wholeheartedly, in order to carry out a still more 
extensive angle-of-visibility improvement and to clear the possibility of a CRT alternative, this invention persons do 
not have the direction where an optical axis does not exist, namely, Re value becomes 0, and traced that it was 
realizable with the optical compensation sheet with which the direction of the minimum value of the absolute value of 
Re value inclined 5 to 50 degrees from [ of a film ] the normal. Moreover, while having the optically anisotropic body 
toward which the optical axis inclined while having optically uniaxial [ negative ] as the concrete method, and optically 
uniaxial [ negative ], by piling up the optically anisotropic body which has an optical axis in the direction of a film 
normal, an optical axis did not exist, but the optical property whose minimum value of Re value is not the direction of 
a film normal or the direction of a field, either could be realized, and the wide-field-of-view angle which was not 
acquired was made possible with the independent film as a result. Moreover, when an optical axis applied an 
orientation film to the negative optically uniaxial film which is the direction of a film normal and applied discotheque 
liquid crystal thinly continuously on it, the above-mentioned optical compensation sheet traced that it could 
manufacture by the low cost considerably, and resulted in completion of this invention. 

[0016] this invention is explained in detail below. With the discotheque liquid crystal of this invention, for example, 
C.Destrade's and others research report, Are indicated by Mol.Cryst.71 volume and 111 pages (1981). A benzene 
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derivative, B.Kohne's and others research report, Angew.Chem.96 volume, The cyclohexane derivative indicated by 70 
pages (1984) and J.M.Lehn's and others research report, J. Chem.Commun., 1794 pages (1985), J.Zhang's and others 
research report, J. Am.Chem.Soc.l 16 volume, an AZAKURAUN system, a phenylacetylene system macroscopic cycle 
indicated by 2655 pages (1994), etc. are mentioned. It is the structure where generally made these into the mother 
nucleus based on molecules, and the alkyl group of a straight chain, an alkoxy group, a substitution benzoyloxy 
machine, etc. were replaced by the radial as the straight chain. However, if the molecule itself has optically uniaxial 
[ negative ] and it can give fixed orientation, it will not be limited to the above-mentioned publication. Moreover, in 
this invention, the layer finally made shall not be low-molecular, for example, the layer formed from low-molecular 
discotheque liquid crystal shall have the basis to which low-molecular discotheque liquid crystal reacts with heat, light, 
etc., and a polymerization or the thing which constructed the bridge, carried out macromolecule quantification and lost 
mesomorphism shall also be contained by the reaction as a result. Next, the examples of the compound which can be 
used for a good target in this invention are enumerated below. 
[0017] 
[Formula 1] 
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[0018] 
[Formula 2] 
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[0019] 
[Formula 3] 
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O 

® « W-On--ch{>c-o- 

[0020] Once it carries out orientation of the discotheque liquid crystal by the organic orientation film etc., since the 
structure is kept stable, this optically anisotropic body is thermally stable at below discotheque pneumatic liquid crystal 
phase-solid phase transition temperature. However, in order to be the use as which remarkable heat-resistant high 
properties, such as an object for mount, are required, it is desirable to raise a heat-resistant property further according 
to bridge formation etc. 

[0021] Optically uniaxial [ in this invention / negative ] has the relation of nl<n2=n3, when 3 shaft-orientations 
refractive index of discotheque ****** which has an optical anisotropy is set to nl, n2, and n3 at order with the small 
value. Therefore, it has the property that the refractive index of the direction of an optical axis is the smallest. 
However, if the value of n2 and n3 does not need to be strictly equal and is almost equal, it is enough. Specifically, if it 
is |n2-n3|/|n2-nl|<=0.2, it will be satisfactory practically. Moreover, as conditions which improve sharply the angle-of- 
visibility property of TFT and a TN liquid crystal cell, as for an optical axis, it is desirable that 5 degrees - 50 degrees 
lean from [ of a sheet side ] a normal, it is more desirable, and is the most desirable. [ of 20 degrees - 35 degrees ] [ of 
10 degrees - 40 degrees ] Furthermore, it is 50 <=deltan-D<=400, when thickness of a sheet is set to D and it is defined 
as deltan=n2-nl. (nm) 
It is desirable to satisfy ******. 
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[0022] The orientation film which especially limitation does not have, for example, carried out rubbing of the specific 
organic orientation film when the orientation film in this invention had directivity with a film front face, the method 
vacuum evaporationo film of slanting [ inorganic ], and a micro groove are mentioned. Moreover, isomerization is 
caused by light like the LB film which consists of an azobenzene derivative, and the thin film which a molecule 
arranges uniformly with directivity is applied to this. In addition, it is possible to also use that to which orientation of 
the dielectric matter was carried out by electric field and the magnetic field. 

[0023] As the above-mentioned organic orientation film, there are a polyimide film, a polystyrene derivative, etc. and 
the gelatin film, polyvinyl alcohol, etc. are mentioned as a water-soluble thing. By performing rubbing processing, 
these can all carry out orientation of the discotheque liquid crystal aslant. Especially the polyvinyl alcohol of an alkyl 
chain denaturation system was desirable especially, and this invention persons discovered exceeding in the capacity to 
which orientation of the discotheque liquid crystal is carried out uniformly. This is guessing for the strong interaction 
of the alkyl chain of an orientation film front face, and the alkyl side chain of discotheque liquid crystal. What has an 
alkyl group is mentioned to an end which is listed below, and the above-mentioned alkyl chain denaturation polyvinyl 
alcohol has the 80% or more of the degrees of saponification, and 200 or more desirable polymerization degree. 
Moreover, the polyvinyl alcohol which has an alkyl group can also be effectively used for a side chain.-As commercial 
elegance, the Kuraray Co., Ltd. make MP 103, MP203, and Rl 130 etc. is available. Moreover, the polyimide film 
widely used as a liquid crystal orientation film of LCD is also desirable as an organic orientation film, and this applies 
polyamic acids (for example, LQ/LX series by Hitachi Chemical Co., Ltd., SE series made from Nissan Chemistry, 
etc.) to a base side, and is obtained by [ of 0.5 - 1 hour baking ] carrying out after rubbing at 100-300 degrees C. 
[0024] 
[Formula 4] 
( 1 ) C n H 2rw1 - 

OH OCOCH 3 

f 1 = 80 - 99 
I m = 20 - 1 
L n = 8. 10, 12 

CH 3 

[2) C t2 H 25 - 

CN OH OCOCH 3 



C 2 H 5 

(3 )C 12 H 25 -N-aS^CH^CH^^CH^CH^- 
S OH OCOCH3 

[0025] It is the technique as what has spread widely as liquid crystal orientation down stream processing of LCD with 
the same rubbing processing in this invention, and is the method of acquiring orientation, by rubbing the front face of 
an orientation film in the fixed direction using paper, gauze, the felt, rubber or nylon, a polyester fiber, etc. Generally, 
length and a size perform rubbing about several times using the cloth which transplanted hair on the average in uniform 
fiber. 

[0026] The above-mentioned orientation film has the operation which determines the direction of orientation of the 
discotheque liquid crystal molecule painted on it. However, the orientation of discotheque liquid crystal needs to 
optimize the combination, in order to be dependent on an orientation film. Next, although orientation of the 
discotheque liquid crystal molecule which once carried out uniform orientation is carried out with a base side and a 
certain angle theta, depending on the kind of an orientation film, the angle of slanting orientation seldom changes but 
takes a value peculiar to a discotheque liquid crystal molecule in many cases. Moreover, if an analogous compound is 
mixed with two or more sorts of discotheque liquid crystal, or discotheque liquid crystal, tilt-angle adjustment of a 
certain within the limits can be performed with the mixing ratio. Therefore, the method of choosing discotheque liquid 
crystal as tilt-angle control of slanting orientation, or mixing is more effective. 

[0027] Moreover, SiO is made into representation as vacuum evaporationo matter of the method vacuum evaporationo 
film of slanting [ inorganic ], and metals, such as Ti02, MgF2, the metallic oxide of Zn02 grade and a fluoride, and 
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Au, aluminum, are mentioned. In addition, if a metallic oxide is the thing of a high dielectric constant, it can be used as 
method vacuum evaporationo matter of slanting, and will not be limited above. Both method of a base cover half like 
drawing 4 and continuation vacuum evaporationo type method to a film like drawing 5 can be used for formation of a 
vacuum evaporationo film, and if SiO is taken for an example as vacuum evaporationo matter, in about 65-88 degrees, 
the optical axis will carry out [ the vacuum evaporationo angle alpha ] uniform orientation of the discotheque liquid 
crystal in the direction of a vacuum evaporationo particle column, and the direction which intersects perpendicularly 
about. 

[0028] As for the base material material used for the optical compensation sheet of this invention, it is desirable that 
the optical property in a transverse plane is near isotropic in addition to a light transmittance being 80% or more. 
Therefore, the base material formed from the material with the small rate of a peculiar birefringence currently sold at 
tradenames, such as ZEONEKKUSU (Nippon Zeon), ARTON (Japan Synthetic Rubber), and FUJITAKKU (Fuji 
Photo Film), is desirable. However, even if it is a material with large rates of a peculiar birefringence, such as a 
polycarbonate, a polyarylate, a polysulfone, and a polyether sulfone, it is also possible to make it isotropic optically by 
controlling molecular orientation at the time of film production, and they can also be used suitably. Specifically, when 
the refractive index of nx and the ny thickness direction is set to nz and thickness is set to d for the principal indices of 
refraction within a field, it is 0 <=|nx-ny|xd<=50. (nm) 
It is 0 <=|nx-ny|xd<=20 more preferably, (nm) 

A remarkable effect is brought to angle-of-visibility expansion by coming out, being and fulfilling the conditions of the 
following plane orientation, namely, » desirable - 20 <= {(nx+ny )/2-nz} xd<=300 (nm) 
coming out -- it is — further -- desirable - 30 <={(nx+ny )/2-nz} xd<=150 (nm) 
It comes out. 

[0029] The optical compensation sheet in this invention needs the process for acquiring uniform slanting orientation in 
the manufacturing process. It is applying discotheque liquid crystal to the base in which the orientation film which 
carried out rubbing processing was specifically formed, and carrying out a temperature up to discotheque pneumatic 
phase formation temperature more preferably after that than a liquid crystal layer. Thereby, this liquid crystal takes a 
solid state in ordinary temperature, carrying out slanting orientation and maintaining orientation by subsequent cooling. 
Moreover, although discotheque pneumatic liquid crystal phase formation temperature is peculiar to discotheque liquid 
crystal, it can be arbitrarily adjusted by mixing two or more sorts of different things. As a discotheque pneumatic liquid 
crystal phase-solid phase transition temperature of the discotheque liquid crystal used for this invention, 70 degrees C 
or more 300 degrees C or less are 70 degrees C or more 150 degrees C or less especially preferably preferably. 
[0030] 

[Example] Hereafter, this invention is explained in detail based on an example. 

The triacetyl-cellulose film which has various kinds of plane orientation nature, and TF-l-TF-5 were produced by 
dissolving the triacetyl cellulose of the weight average molecular weight 130,000 of example 1 styrene conversion in a 
methylene chloride, casting on a metal band, and performing the crosswise extension by the tenter after stripping, the 
direction extension of MD, and the orientation relief by heat. When the principal indices of refraction within a field of 
the produced film were set to nx and ny, and the principal indices of refraction of the thickness direction were set to nz 
and thickness of a film was set to d, the value of x(nx-ny) d and {(nx+ny )/2-nz} xd, was measured about various films. 
A result is shown in Table 1 . Here, thickness was measured with a micrometer and x(nx-ny) d was measured by the 
ellipsomter (Shimadzu 1 00 [ AEP-]) as a transverse-plane Re value of a film. Moreover, calculation determined 
{(nx+ny )/2-nz} xd by calculating nz by Abbe's refractometer from the measured value of ny, and the measured value 
of the angular dependence of Re value by AEP- 100. 
[0031] 
[Table 1] 
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[0032] The gelatin thin film (0.1 micrometers) was painted on the glass plate with an isotropic on an example 2 optical 
target thickness of 1mm. Rubbing processing was performed and the orientation film was formed, after applying the 
long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on it and making it dry in warm air. On this 
orientation film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE- 
8** and TE-8** by the weight ratio 9 to 1, and it considered as the 10wt% solution as a whole, and applied by 
2000rpm with the spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room 
temperature, and about 1 .0-micrometer discotheque liquid crystal layer was made to form, and this was set to RG-1. 
[0033] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-1 to TF-5 of the example 1 which painted the example 3 gelatin thin film (0.1 micrometers) and making it dry 
in warm air, rubbing processing was performed and the same orientation film as an example 2 was formed. On this 
orientation film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE- 
8** and TE-8** by the weight ratio 9 to 1 , and it considered as the 10wt% solution as a whole, and applied by 
2000rpm with the spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room 
temperature, and the same discotheque liquid crystal layer as the 1 .0-micrometer example 1 was made to form, and this 
was set to RTF-1 to RTF-5. 

[0034] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on the glass plate 
with an isotropic on an example 4 optical target thickness of 1mm and making it dry in warm air, rubbing processing 
was performed and the same orientation film as an example 2 was formed. On this orientation film, the methyl ethyl 
ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and TE-8** by the weight ratio 
4 to 1, and it considered as the 10wt% solution as a whole, and applied by 2000rpm with the spin coat. To 145 degrees 
C, a temperature up and after heat-treating, cooled to the room temperature, and about 1 .0-micrometer discotheque 
liquid crystal layer was made to form, and this was set to RG-2. 

[0035] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-3 of the example 1 which painted the example 5 gelatin thin film (0.1 micrometers) and making it dry in warm 
air, rubbing processing was performed and the same orientation film as an example 2 was formed. On this orientation 
film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and TE- 
8** 'by the weight ratio 4 to 1, and it considered as the 10wt% solution as a whole, and applied by 2000rpm with the 
spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room temperature, and the same 
discotheque liquid crystal layer as the 1 .0-micrometer example 4 was made to form, and this was set to RTF-6. 
[0036] an example 6 - after completely applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 
203) on the glass plate with an isotropic thickness of 1mm and making it dry in warm air, rubbing processing was 
performed and the same orientation film as an example 2 was formed On this orientation film, the methyl ethyl ketone 
was added to what mixed the aforementioned discotheque liquid crystal TE-8** and ethylene glycol by the weight ratio 
4 to 1, and it considered as the 10wt% solution as a whole, and applied by 2000rpm with the spin coat. To 145 degrees 
C, a temperature up and after heat-treating, cooled to the room temperature, and about 1 .0-micrometer discotheque 
liquid crystal layer was made to form, and this was set to RG-3. 

[0037] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-3 of the example 1 which painted the example 7 gelatin thin film (0.1 micrometers) and making it dry in warm 
air, rubbing processing was performed and the same orientation film as an example 2 was formed. On this orientation 
film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and 
ethylene glycol by the weight ratio 4 to 1, and it considered as the 10wt% solution as a whole, and applied by 2000rpm 
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with the spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room temperature, and the 
same discotheque liquid crystal layer as about 1 .0-micrometer example 6 was made to form, and this was set to RTF-7. 

[0038] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on the glass plate 
with an isotropic on an example 8 optical target thickness of 1mm and making it dry in warm air, rubbing processing 
was performed and the same orientation film as an example 2 was formed. On this orientation film, the methyl ethyl 
ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and TE-8** by the weight ratio 
9 to 1, and it considered as the 7wt% solution as a whole, and applied by 2000rpm with the spin coat. To 145 degrees 
C, a temperature up and after heat-treating, cooled to the room temperature, and about 0.7-micrometer discotheque 
liquid crystal layer was made to form, and this was set to RG-4. 

[0039] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-3 of the example 1 which painted the example 9 gelatin thin film (0. 1 micrometers) and making it dry in warm 
air, rubbing processing was performed and the same orientation film as an example 2 was formed. On this orientation 
film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and TE- 
8** by the weight ratio 9 to 1, and it considered as the 7wt% solution as a whole, and applied by 2000rpm with the 
spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room temperature, and the same 
discotheque liquid crystal layer as about 0.7-micrometer example 8 was made to form, and this was set to RTF-8. 
[0040] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on the glass plate 
with an isotropic on an example 1 0 optical target thickness of 1mm and making it dry in warm air, rubbing processing 
was performed and the same orientation film as an example 2 was formed. On this orientation film, the methyl ethyl 
ketone was added to what mixed the aforementioned discotheque liquid crystal TE-8** and TE-8** by the weight ratio 
9 to 1, and it considered as the 20wt% solution as a whole, and applied by 2000rpm with the spin coat. To 145 degrees 
C, a temperature up and after heat-treating, cooled to the room temperature, and about 2. 0-micrometer discotheque 
liquid crystal layer was made to form, and this was set to RG-5. 

[0041] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-3 of the example 1 which painted the example 1 1 gelatin thin film (0.1 micrometers) and making it dry in 
warm air, rubbing processing was performed and the same orientation film as an example 2 was formed. On this 
orientation film, the methyl ethyl ketone was added to what mixed the aforementioned discotheque liquid crystal TE- 
8** and TE-8** by the weight ratio 9 to 1, and it considered as the 20wt% solution as a whole, and applied by 
2000rpm with the spin coat. To 145 degrees C, a temperature up and after heat-treating, cooled to the room 
temperature, and the same discotheque liquid crystal layer as about 2. 0-micrometer example 10 was made to form, and 
this was set to RTF -9. 

[0042] On the glass substrate with an isotropic on an example 12 optical target thickness of 1mm, rubbing processing 
was performed and the orientation film was formed, after applying the polyamic acid (SEmade from Nissan Chemistry- 
7210) and considering as baking and a polyimide film at 180 degrees C. On this orientation film, said discotheque 
liquid crystal TE-8** was dissolved into the weight methyl ethyl ketone, and it considered as the 10wt% solution, and 
applied by 2000rpm with the spin coat. In the thermostat, to 1 80 degrees C, a temperature up and after heat-treating, 
cooled this sheet to the room temperature, and about 1 .0-micrometer discotheque liquid crystal layer was made to 
form, and this was set to RG-6. 

[0043] Rubbing processing was performed and the orientation film was formed, after applying the polyamic acid 
(SEmade from Nissan Chemistry- 7210) on it based on 100-micrometer thick film (FS[ by Sumitomo Bakelite Co., 
Ltd. ]- 1300) of an example 13 polyether ape phon (PES) and considering as baking and a polyimide film at 180 
degrees C. On this orientation film, said discotheque liquid crystal TE-8** was dissolved into the weight methyl ethyl 
ketone, and it considered as the 10wt% solution, and applied by 2000rpm with the spin coat. In the thermostat, to 180 
degrees C, a temperature up and after heat-treating, cooled this sheet to the room temperature, and the same 
discotheque liquid crystal layer as about 1. 0-micrometer example 12 was made to form, and this was set to RTF- 10. In 
addition, the result which measured the optical property of the polyether sulphone film used here like the example 1 is 
shown in Table -1 . 

[0044] On the glass substrate with an isotropic on an example 14 optical target thickness of 1mm, a continuation 
vacuum evaporationo machine like drawing 5 performed slanting vacuum evaporationo for SiO as vacuum 
evaporationo matter from on the, and the orientation film was formed. Vacuum evaporationo conditions were 85 
degrees in film bearer rate 10 m/min, evaporation-source temperature 1800K, and minimum vacuum evaporationo 
angle. On this orientation film, the aforementioned discotheque liquid crystal TE-9** was dissolved in the methyl ethyl 
ketone, and it considered as the 10wt% solution as a whole, and applied by 2000rpm with the spin coat. To 150 degrees 
C, a temperature up and after heat-treating, cooled to the room temperature, and about 1 .0-micrometer discotheque 
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liquid crystal layer was made to form, and this was set to RG-7. 

[0045] The example 15 gelatin thin film (0.1 micrometers) was painted, a continuation vacuum evaporationo machine 
like drawing 5 performed slanting vacuum evaporationo for SiO as vacuum evaporationo matter from on the based on 
the triacetyl-cellulose film (TF-6) with a thickness of 85 micrometers which prepared the antistatic layer in the back 
side, and the orientation film was formed. Vacuum evaporationo conditions were 85 degrees in film bearer rate 10 
m/min, evaporation-source temperature 1800K, and minimum vacuum evaporationo angle. On this orientation film, the 
aforementioned discotheque liquid crystal TE-9** was dissolved in the methyl ethyl ketone, and it considered as the 
10wt% solution as a whole, and applied by 2000rpm with the spin coat. To 150 degrees C, a temperature up and after 
heat-treating, cooled to the room temperature, and the same discotheque liquid crystal layer as about 1 .0-micrometer 
example 14 was made to form, and this was set to RTF-1 1. In addition, the result which measured the optical property 
of the triacetyl-cellulose film used here like the example 1 is shown in Table 1 . 

[0046] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on the glass plate 
with an isotropic on an example 16 optical target thickness of 1mm and making it dry in warm air, rubbing processing 
was performed and the same orientation film as an example 2 was formed. The lwt% Michler f s ketone + 
benzophenone (a weight ratio, 1:1) was added as a photopolymerization initiator on this orientation film m= 4 of the 
aforementioned discotheque liquid crystal TE-8**, they were dissolved in the methyl ethyl ketone, and it considered as 
the 10wt% solution as a whole, and applied by 2000rpm with the spin coat. The temperature up was carried out to 145 
degrees C, used the black light (16W), exposed for 5 minutes, the 1. 0-micrometer discotheque liquid crystal layer was 
made to form, and this was set to RG-8. 

[0047] After applying the long-chain alkyl denaturation poval (MP[ by Kuraray Co., Ltd. ]- 203) on triacetyl-cellulose 
film TF-3 of the example 1 which painted the example 17 gelatin thin film (0.1 micrometers) and making it dry in 
warm air, rubbing processing was performed and the same orientation film as an example 2 was formed. The lwt% 
Michler's ketone + benzophenone (a weight ratio, 1:1) was added as a photopolymerization initiator on this orientation 
film m= 4 of the aforementioned discotheque liquid crystal TE-8**, they were dissolved in the methyl ethyl ketone, 
and it considered as the 10wt% solution as a whole, and applied by 2000rpm with the spin coat. The temperature up 
was carried out to 145 degrees C, used the black light (16W), exposed for 5 minutes, the same discotheque liquid 
crystal layer as the 1 .0-micrometer example 1 6 was made to form, and this was set to RTF-1 2. 

[0048] When the angular dependence of Re value in an ellipsomter was measured and the angle (beta) and deltan-d in 
which the optical axis when deciding that the optical property of the substrate of example 18 above-mentioned RG-1- 
RG-8 was indicated previously and a film normal succeed were calculated from the value, it became as it is shown in 
Table 2. The Shimadzu ellipsomter (AEP-100) was used for measurement, having made it into the transparent mode. 
[0049] 
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[0050] the optical compensation sheet which the unusual light of example 19 liquid crystal, the difference of the rate of 
a usual state optical refraction, and the product of the gap size of a liquid crystal cell obtained in the example by 500nm 
in the TN liquid crystal cell whose angle of torsion is 90 degrees - equipping - a liquid crystal cell - receiving - 
40Hz square wave and the range of 0V-5V - voltage - impressing - the angular dependence of permeability (T) - the 
product made from the Otsuka electron - it measured by LCD-5000 The position where the contrast ratio (Tl V7T5V) 
of a white display and a black display becomes 10 was defined as the angle of visibility, and it asked for the angle of 
visibility of the direction of four directions. A result is shown in Table 3. Moreover, the polarization shaft of the 
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polarizing plate of TN liquid crystal cell in this measurement, the rubbing shaft of a liquid crystal cell, and the 

direction of rubbing of an optical compensation sheet are shown in drawing 6 . In addition, in the liquid crystal cell in 

drawing 6 , rubbing processing of the upper surface side has been carried out for the field inside [ each ] the substrate 

which counters about the optical compensation sheet. The detail of the optical compensation sheet when seeing from 

said is shown in drawing 7 . 

[0051] 
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[0052] As opposed to a liquid crystal cell without the case where the unusual light of example of comparison 1 liquid 
crystal, the difference of the rate of a usual state optical refraction, and the product of the gap size of a liquid crystal 
cell equip the TN liquid crystal cell whose angle of torsion is 90 degrees with the optical compensation sheet of TF-1 
to TF-6 obtained in the example 1 by 500nm and an optical compensation sheet 40Hz square wave, the range of OV-5 V 
— voltage — impressing — the angular dependence of permeability (T) — the product made from the Otsuka electron — 
it measured by LCD-5000 The position where the contrast ratio (Tl V/T5V) of a white display and a black display 
becomes 10 was defined as the angle of visibility, and it asked for the angle of visibility of the direction of four 
directions. A result is shown in Table 4. Moreover, the polarization shaft of the polarizing plate of TN liquid crystal 
cell in this measurement, the rubbing shaft of a liquid crystal cell, and the direction of rubbing of an optical 
compensation sheet are shown in drawing 6 . In addition, in the liquid crystal cell in drawmg_6 , rubbing processing of 
the upper surface side has been carried out for the field inside [ each ] the substrate which counters about the optical 
compensation sheet. The detail of the optical compensation sheet when seeing from said is shown in drawing 7 . 
[0053] 
[Table 4] 
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[0054] 

[Effect of the Invention] In LCD which prepared the optical compensation sheet of this invention, the remarkable 
improvement of an angle-of- visibility property is attained so that clearly from Table 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damag s caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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